The biological effects of specific wavelengths, so-called "far-infrared radiation" produced from ceramic material (cFIR), on whole organisms are not yet well understood. In this study, we investigated the biological effects of cFIR on murine melanoma cells (B16-F10) at body temperature. cFIR irradiation treatment for 48 h resulted in an 11.8% decrease in the proliferation of melanoma cells relative to the control. Meanwhile, incubation of cells with cFIR for 48 h significantly resulted in 56.9% and 15.7% decreases in the intracellular heat shock protein (HSP)70 and intracellular nitric oxide (iNO) contents, respectively. Furthermore, cFIR treatment induced 6.4% and 12.3% increases in intracellular reactive oxygen species stained by 5-(and 6)-carboxyl-2 ,7 -dichlorodihydrofluorescein diacetate and dihydrorhodamine 123, respectively. Since malignant melanomas are known to have high HSP70 expression and iNO activity, the suppressive effects of cFIR on HSP70 and NO may warrant future interest in antitumor applications.
Introduction
Melanomas are one of the major malignant tumors of Caucasian people, with approximately 60,000 new cases of invasive melanoma being diagnosed in the USA each year. According to a WHO report, about 48,000 melanoma-related deaths occur worldwide per year. Melanocytes are normally present in the skin, and they are responsible for producing the dark pigment, melanin. Despite many years of intensive laboratory and clinical research, the greatest chance of a cure is early surgical resection of thin tumors.
Far-infrared radiation (FIR) is the major heat-transmitting radiation of sunlight at wavelengths between 3 μm and 1 mm as defined by the International Commission on Illumination (CIE 1987) . FIR, especially that at the range of 3∼14 μm, is termed "life light" and has many biological effects. Previous studies demonstrated that FIR has a wide range of applications including increasing the microcirculation, promoting wound healing, modulating sleep, treating depression, inhibiting tumor proliferation, and processing food [1] [2] [3] [4] [5] [6] . Recently, FIR use has been growing in popularity for its health-promoting properties and is an alternative remedy in Japan, China, Taiwan, and Korea. However, the mechanisms underlying these biological effects are still poorly understood. There are few reports investigating the biological effects of FIR, especially those concerned with the effect on cancer cells, such as melanomas.
This study is aimed to investigate the possible biological effects of FIR produced by ceramic material (cFIR) on murine melanoma cells using the B16-F10 cell line. We focused on the effects on cell viability, intracellular heat shock protein (HSP)70, intracellular nitric oxide (iNO), inducible nitric oxide synthase (iNOS), and reactive oxygen species (ROS). The direct suppressive effect on melanoma cells by FIR was investigated. The inhibition of HSP70 synthesis and iNO in tumor cells shows the possible utility of FIR in cancer therapy. After a literature review, we discuss the possible physiological mechanism behind these observations based on past studies detailing related biomolecular factors and future applications. 
Methods

Chemicals and
cFIR Ceramic Powder.
As previously reported [7] [8] [9] , the cFIR ceramic powder consisted of microsized particles ( Figure 1 ) made from numerous mineral oxides, including aluminum oxide, ferric oxide, magnesium oxide, and calcium carbonate. These crushed and irregular-shaped microparticles had an average size of 4.39 um. The cFIR emissivity (the ratio of the radiation energy irradiated from a sample relative to an ideal black body, as described by Plank's law) was determined using an SR5000 infrared spectroradiometer (CI, Migdal HaEmek, Israel). The amount of FIR energy reaching the cells was 0.11 J/cm 2 with FIR at wavelengths between 3 and 14 μm. Prior to use in cell culture, 180 g of cFIR powder was placed in a plastic bag and sterilized with 75% ethanol and UV light.
Cell
Culture. B16-F10 cells were cultured in DMEM supplemented with 10% FBS, 1.5 g/L sodium bicarbonate, 4.5 g/L glucose, 100 U/mL penicillin, 0.1 mg/mL streptomycin, and 0.25 μg/mL amphotericin B at 37
• C with 5% CO 2 in a humidified incubator. Cells were subcultured at a ratio of 1 : 5 every third or fifth day. To evaluate the effect of the cFIR powder, cultured cells were divided into a cFIR group and control group that received no cFIR treatment. B16-F10 cells were seeded at a density of 2 × 10 5 cells/well in 6-well plates. Following previous reports [7] [8] [9] , enclosed FIR powder was uniformly distributed in a plastic bag, and the bag was inserted directly beneath the cell culture dish in the cFIR group. RAW 264.7 macrophages were used as the positive control to study the antitumor effects.
Cell Viability and Proliferation.
The cell survival rate was quantified using a colorimetric MTT assay that measured mitochondrial activity in viable cells. This method was performed as previously described with slight modifications [10] . In brief, B16-F10 cells were seeded at a density of 2 × 10 5 cells/well in 6-well plates. Cells were then incubated for 48 h. To evaluate the effect of the cFIR powder, cultured cells were divided into three groups: group C was the control without cFIR influence; group FP24 consisted of cells cultured in a normal environment for 24 h and then cultured with the cFIR powder for another 24 h; group FP48 consisted of cells cultured with the cFIR powder for 48 h. MTT was freshly prepared at 1 mg/mL in PBS, and 800 μL was added to each well and incubated at 37
• C for 4 h. Then, 800 μL of DMSO was added to each well to dissolve the MTT-formazan crystals. After incubation at 37
• C for 10 min, the solution was transferred to a 96-well enzyme-linked immunosorbent assay (ELISA) plate, and the absorbance was measured with a spectrophotometer at 540 nm. The optical density (O.D.) of the control cells was considered to be 100%.
HSP70.
The primary polyclonal rabbit antihuman HSP70 antibody and rabbit anti-β actin antibody were used at a 1 : 2000 dilution. Blots were developed using a horseradish peroxidase-conjugated goat antirabbit secondary antibody and enhanced chemiluminescence (ECL system, Amersham Biosciences). Analysis was then performed, and differences between the control and experimental groups were quantitatively determined by Winlight32 software (Berthold Technologies).
iNO.
The experimental group included 18 plates with B16-F10 cells receiving cFIR treatment for 48 h. The control group had the same condition but without cFIR treatment. Cells were then stained with DAF-FM diacetate for fluorescence measurements. Fluorescence was analyzed by FACScan flow cytometer (Becton Dickinson, USA), and fluorescence intensity profiles and the mean fluorescence intensities of different treatments of B16-F10 cells were determined for the data analysis. with an anti-iNOS antibody at a l : 200 dilution. The bands corresponding to iNOS were visualized by enhanced chemiluminescence.
iNOS. The iNOS expression was
ROS.
The intracellular ROS level of B16-F10 was measured after 48 h with or without cFIR treatment. Intracellular ROS were detected using Carboxy-H2DCFDA. When oxidized by ROS, Carboxy-H2DCFDA fluoresces green. After incubating cells for 30 min with 1 μM of Carboxy-H2DCFDA [11] , the fluorescence was detected by confocal laser scanning microscopy (SP5, Leica) with excitation and emission wavelengths of 488 and 505∼560 nm, respectively. Intracellular ROS were also measured by flow cytometry. After 48 h with or without cFIR treatment, a dihydrorhodamine 123 working solution was added directly to the medium to reach 25 μM and then incubated at 37
• C for 25 min. Cells were then washed once, resuspended in PBS, and kept on ice for immediate detection by FACScan flow cytometry [12] . Levels of dihydrorhodamine 123 fluorescence represent the values from 10 4 cells based on an arbitrary scale of fluorescence intensity.
Apoptosis.
A cell that is undergoing apoptosis demonstrates nuclear condensation and DNA fragmentation, which can be detected by staining with Hoechst 33342 and fluorescence microscopy. B16-F10 cells were washed with PBS and stained with Hoechst 33342 (5 mg/mL) for 20 min at room temperature to detect apoptosis. Three independent experiments were used for each group, and at least 100 cells in seven random fields were counted [13] .
Statistical Analysis.
All data were measured in triplicate, with experiments repeated at least three times. Data are presented as the mean ± standard deviation. Statistical significance between the control and cFIR groups was determined using the Wilcoxon test method. A value of P < 0.05 was considered statistically significant ( * ), and P < 0.01 was highly significant ( * * ).
Results
Proliferation of Murine Melanoma Cells.
Results of the cell viability assays are presented in Figure 2 . For groups C (control), FP24 (cFIR irradiated for 24 h), and FP48 (cFIR irradiated for 48 h), cell viabilities were 100% ± 2.9%, 101.9% ± 2.5%, and 88.2% ± 4.8%, respectively. Compared to group C, the rate of proliferation did not significantly change in group FP24, but significantly decreased (11.8% lower) in group FP48. RAW 264.7 macrophages were not affected by cFIR treatment. A significant difference in the inhibitory effect on B16-F10 cell viability was found at 48 h, and we examined HSP70, iNO, iNOS, ROS, and cell apoptosis at 48 h according to the cell viability results.
HSP70.
After B16-F10 cells were treated with or without cFIR for a 48 h interval, levels of HSP70 synthesis were measured by western blotting. To normalize HSP70 contents, we evaluated the ratio of HSP70 to β-actin. Figure 3 shows that intracellular HSP70 production in the cFIR group was significantly less than that of the control group. The relative HSP70 amounts were 0.86 ± 0.10 in group C and 0.37 ± 0.07 in group FP48. This result reveals that cFIR significantly inhibited intracellular HSP70 expression by B16-F10 cells.
iNO.
Levels of NO synthesis in group FP48 subjected to a 48 h interval with cFIR treatment and in group C without treatment were measured by the mean fluorescence intensity. Fluorescence intensities were 14 ± 1.4 in group C and 11.8 ± 0.5 in group FP48. Figure 4 shows that the iNO production in the cFIR group was significantly less than that of the control group. This result reveals that cFIR inhibited iNO synthesis by B16-F10 cells.
iNOS.
Analysis of iNOS expression for B16-F10 cells subjected to a 48 h interval with or without cFIR treatment was performed by Western blotting. Figure 5 indicates that the normalized mean production of iNOS protein (iNOS/GAPDH) in group C and group FP48 are 2.85 ± 1.19 and 1.33 ± 0.75, respectively. This result may reflect the ability of cFIR to suppress iNOS expression by B16-F10 cells. Figure 6 shows the staining of intracellular ROS by confocal laser scanning microscopy. Green spots in the images are stained ROS. Levels of intracellular ROS for the group subjected to a 48-h interval with cFIR treatment (Figure 6 (a) right image) exhibited an increased amount compared to the control group (Figure 6(a) left image) . The normalized ROS level (average intracellular/extracellular fluorescence intensity) indicated that there was a 6.0% increase in the cFIR group (1.07 ± 0.04) compared to the control group (1.13 ± 0.05) as shown in Figure 6 (b). Figure 7 shows another ROS result by flow cytometry. The mean fluorescence intensities of group C and group FP48 were 127.1 ± 14.1 and 142.7 ± 18.0 (n = 12), respectively. Therefore, the intracellular fluorescence intensity of group FP48 showed a 12.3% increase compared to group C. This result is consistent with the finding of confocal laser scanning microscopy ( Figure 6 ).
ROS.
Apoptosis.
Compared to group C, inhibition of cell proliferation was observed in group FP48 by Hoechst 33342 staining (Figure 8 ). Compared to group C, cell proliferation was inhibited by 13.2% ± 0.8% in group FP48. This result is consistent with the result of the MTT assay in Figure 2 . However, only about 1.1% ± 0.1% cells with apoptotic changes were observed in group FP48 (arrow in Figure 8(b) ). The result indicates that inhibition of cell proliferation in group FP48 was perhaps not through inducing cell apoptosis but by interfering with the cell cycle such as cell growth arrest.
Discussion
In this study, we observed that the growth of B16-F10 cells was inhibited after irradiation with cFIR for 48 h (Figure 2 ) compared to the control group. A previous in vitro study [14] revealed that FIR with a heat source (hFIR) inhibited the • C thermal effect. As is known, HSPs accumulate in cells exposed to a heat source and a variety of other stressful stimuli. In fact, hFIR experiments produce a thermal effect which might overlap with the results of the somatothermal cFIR influence on cells.
Gene expression levels of HSPs can determine the fate of cells in response to a death stimulus, and apoptosisinhibitory HSPs, particularly HSP70, may participate in carcinogenesis [15] . A previous study demonstrated that pancreatic cancer cells expressed significantly higher HSP70
International Journal of Photoenergy levels compared to nonmalignant ductal cells, which suggests that HSP70 plays a role in tumor cell resistance to apoptosis [16] . They showed increased HSP70 expression in cancer tissues versus normal tissues from the same pancreatic cancer patient. These findings agree with several reports in the literature showing increased HSP70 expression in a variety of malignant tumors, such as colorectal, breast, and gastric cancers. The importance of these findings strengthens the hypothesis that high levels of HSP70 expression are correlated with increased drug resistance in cancer cell lines. They concluded that the major role of HSP70 was in boosting resistance of pancreatic cancer cells to apoptosis. Gurbuxani et al. [17] showed increased gene expression of HSP70 in tumor cells and proposed that it enhances their immunogenicity. However, HSP70 was also demonstrated to prevent tumor apoptosis. They proved that the reduced level of HSP70 expression in colon cancer cells resulted in a specific immune response by promoting cell death in vivo. HSP 70 is overexpressed in malignant melanomas [18] and underexpressed in renal cell cancer [19] . Overexpression of HSP70 in various tumors is associated with enhanced tumorigenicity and resistance to therapy. Conversely, downregulation of Hsp70 in tumor cells was found to enhance tumor regression in certain animal models [20] .
HSP was found to be overexpressed by B16-F10 melanoma cells. The HSP70 protein content was shown to considerably vary in human melanoma cells from different cell lines, and HSP70 levels in melanoma cells evidently contribute to their resistance to anticancer drugs [21] . HSP70 expression is elevated in many cancers and contributes to tumor cell survival and resistance to therapy. Leu et al. [22] found that tumor cells cultured with an HSP70 inhibitor showed suppressed tumor development, and the survival of mice was enhanced. Stellas et al. [23] showed that using a monoclonal antibody against HSP90 was capable of inhibiting cell invasion and metastasis of B16-F10 melanomas. Galluzzi et al. [24] also demonstrated that a chemical inhibitor of HSP70 exerted prominent tumorselective cytotoxic effects, thereby lending further support to the future application of HSP70 as a promising target for anticancer therapy. In addition, a previous study conducted by Nylandsted et al. [25] found that depletion of HSP70 may inhibit cancer. The expression of HSP70 is correlated with increased cell proliferation, poor differentiation, lymph node metastases, and poor therapeutic outcomes in human breast cancer [26] . A recent study validated that using an HSP70 inhibitor was capable of inhibiting B16-F10 cell growth [27] . In this study, we also found that NO levels significantly decreased after irradiation with cFIR powder, indicating that the inhibitory effect on the murine melanoma cell line may be associated with lowered levels of NO. Intracellular NO is a highly reactive molecule implicated in numerous physiologic and pathologic processes, which play important roles in nonspecific antitumor immune responses [8, 28, 29] . However, in some circumstances, NO may also lead to tumor expansion and metastasis [28, 30, 31] .
In this study, we further found that iNOS production in cFIR group was significantly lower than control group. This finding may reflect that the reduction of iNO is a result of the inhibition of iNOS by cFIR. For murine melanoma cells, a connection between elevated levels of NO after iNOS induction and consequent cancer cell inhibition was previously described [32] . In fact, iNOS was induced by cytokines and LPS in normal melanocytes but not in melanoma cells [33] . The expression of iNOS found in melanoma cells may result in the continuous formation of NO, which may subsequently activate or inhibit physiological processes different from apoptosis but important for tumor progression. The elevation of iNOS and the consequent higher NO levels were also associated with an increased number of lymphatic vessels, resulting in lymphangiogenesis in melanomas [34] . It was also demonstrated that the loss of iNOS inducibility in melanoma cells showed a well-demarcated difference from normal melanocytes, and this regulation defect was the result of melanocytic transformation and malignancy [31] . Unlimited elevation of NO concentrations in melanomas is expected to promote metastases by maintaining the vasodilator tone of blood vessels in and around the melanoma [35] . It is well recognized that NO is involved in melanoma progression, since the proliferative and metastatic capacities were measured and showed that NO-treated melanoma cells exhibited higher levels of aggressiveness [36] . Therefore, our results showing simultaneous melanoma cell inhibition and a decrease in NO by suppression of iNOS expression can logically be accepted.
ROS are constantly generated and eliminated in biological systems and play important roles in a variety of normal biochemical functions and abnormal pathological processes. Growing evidence suggests that cancer cells exhibit increased intrinsic ROS stress accompanied by increased metabolic activity and mitochondrial malfunction [37] . Previous studies demonstrated that certain agents that generate ROS help preferentially kill cancer cells or inhibit their growth [38] [39] [40] [41] . Cancer cells that exhibit increased intrinsic oxidative stress with high levels of cellular ROS and a low antioxidant capacity are more susceptible to chemotherapy. Therefore, there is a therapeutic strategy to treat cancer cells by further increasing ROS using pharmacological agents that directly increase ROS production, inhibit cancer cell antioxidant defenses, or their combination [37, 38] .
Based on our current results, we propose that cFIR treatment may induce intracellular ROS production which results in cell growth arrest but not significant apoptosis [41] . On the other hand, cFIR treatment also reduced Hsp70 expression and NO production and resulted in further cell growth inhibition. However, the detailed mechanism is not clear yet, and further investigations are needed to elucidate this.
Conclusions
Unlike traditional FIR with a heat source, this study is the first to demonstrate that somatothermal cFIR without an International Journal of Photoenergy 7 additional thermal effect affected murine melanoma cells and was capable of suppressing the proliferation of B16-F10 cells and inhibiting intracellular NO and HSP70 production. Treatment with cFIR induced intracellular ROS production but did not significantly affect cell apoptosis, leading us to speculate that interference with the cell cycle, such as cell growth arrest, occurred. We deduced that the melanoma inhibitory effect may be a consequence of or share a common pathway with the decreased intracellular HSP70 and NO. Further investigations into the basic biomolecular and physiological mechanisms occurring in melanoma cells following cFIR treatment will help advance future therapeutic applications of cFIR.
